The N20øW-trending Panamint Valley fault zone is linked to the N60øW-trending Hunter Mountain strike-slip fault and the Saline Valley fault system, which represents one of the three major fault systems accommodating active crustal extension in the southern Great Basin. A 25 km-long zone of fault scarps along the southern Panamint valley fault zone is recognized as the surface rupture zone associated with the most recent prehistoric earthquake. The displacement associated with the most recent event, determined through six detailed topographic maps of offset features, is 3.2 +-0.5 m, and a number of larger offsets, in range of 6-7 m and 12 m, are also observed. If the larger displacements represent, respectively, two and three events, each of-•3 m, then the fault zone appears to be associated with a characteristic earthquake, which we estimate from the length of the rupture zone and the displacement to be between (Ms) 6.5 and 7.2. The Holocene slip rate is 2.36 +-0.79 mm/yr, is determined from the displacement of two alluvial features whose maximum age is estimated from pluvial shorelines. Assuming a characteristic earthquake model, the recurrence interval is between 860 and 2360 years. The Holocene slip rate appears to be similar to the 4 million year slip rate of 2-2.7 mm/yr (determined from the Hunter Mountain fault), which we suggest reflects the relatively constant tectonics in this region over the last 4 million years. We further speculate that this supports the San Andreas discrepancy in that the Holocene slip rate of the San Andreas fault probably represents its very-long term (several Ma) slip rate. The total slip vector of the southern Panamint Valley fault system is oriented toward -•N35øW, making this a predominantly strike-slip fault. In conjunction with the N60øW orientation of the Hunter mountain strike-slip fault, we suggest that the displacement vector for the southern Great Basin is toward the NW, consistent with results from VLBI data, rather than WNW as determined by combining VLBI and geological data. This in turn suggests that the coastal California deformation component involves, respectively, less shortening and more strike-slip displacement perpendicular and parallel to the San Andreas fault than is currently proposed.
INTRODUCTION
This paper describes the paleoseismic right-lateral displacement and the Holocene slip rate of the Panamint Valley fault system. We also attempt to place the character of the fault system within the context of the regional modern deformation, although a fuller treatment of the regional neotectonics will be presented in another paper.
Panamint Valley is within the Death Valley Extensional Region (Figure 1) , the most active part of the Southern Basin and Range Province during late Neogene and Quaternary time. This very active extensional region includes the ENEtrending Gafiock fault, and the NNW-trending Owens Valley, Panamint Valley, and Death Valley fault zones. Geomorphic evidence suggests that the region continues to very active, although historically it is seismically quiet. North of the left-lateral Gafiock fault, the region is characterized by a combination of range-front and alluvial fan-cutting fault systems, which appear to have dominantly normal and right-lateral strike-slip sense of motion, respectively.
Neogene tectonic development of the region has been described by a number of workers since the pioneering work of Noble [ 1941] (see, Wernicke et al. [1988a, b, and ] for a more detailed review). There is general agreement that the 
Panamint Valley
The geology of Panamint Valley has been described most recently by Burchfiel et al. [1987] , Hodges et al. [1989] , and Schweig [1989] , and the late Pleistocene pluvial history by Smith [1976 Smith [ , 1978 . Basin development is thought to have begun with the eruption of late Miocene to Pliocene basalts that now face each other on opposing flanks in the northern part of the valley Hodges et al., 1989; Larsen, 1979; Schweig, 1985 Schweig, , 1989 Sternlof, 1988] . K-Ar dates of the basalts from both sides of the valley yield age-estimates of 7.7 to 4.0 Ma Hall, 1971; Larsen, 1979; Schweig, 1989; Sternlof, 1988 
, the fault complex appears to be a typical range-front dip-slip system. In support of this, the modern south playa is also hugging the range-front, indicative of active and relatively high subsidence rates adjacent to the fault, and therefore of a partially dip-slip fault. To the south of the Valley, as we will describe below, the fault system is characterized by dip-slip range-front faults and by strike-slip, alluvial fan-cutting faults.
The Panamint Range and Darwin Plateau (Figure 1 ) probably stood at essentially the same elevation 4 m.y. ago and were covered by a continuous sequence of basalts, whose upper part is about 4.0 m.y. old, prior to the onset of extension [Sternlof, 1988] . The basalts capping both the Panamint Range and Darwin Plateau are chemically identical [Walker and Coleman, 1987] (Figures 2 and 3) , and trends approximately N 10W to N30W. There are generally two sets of scarps, easily distinguishable on aerial photographs and in the field, one of which is a range-front system sensu stricto. The second is parallel to the range and generally cuts the alluvial fans. They both are thought to be associated with the last prehistoric surface rupture because they are generally less vegetated, the slope appears less degraded, and there is little to no development of desert varnish when compared to other nearby fault scarps in the same valley which are of similar relief, in similar host maternal, and share the same climate and environmental factors.
The age of the most recent fault scarps is difficult to estimate. It may be argued that given their fresh appearance and their low relief these scarps must be relatively young, or they would be considerably eroded. This argument is made partly by experience with fault scarps in the Basin and Range Province where degradation of both larger and similarlysized scarps, for which age-estimates are available, has rendered them almost indistinguishable in the space of hundreds or even tens of years [Slemmons, 1957; Bell et At Ballarat the range-front fault is delineated by westdipping normal fault scarps, and the fan-cutting fault is probably buried beneath the modern playa. Beyond Ballarat, the prehistoric fault trace can not be found on the ground, thus the total apparent minimum length of the most recent prehistoric surface rupture is about 25 km. 
DETAILS OF PREHISTORIC DISPLACEMENTS
The concept of a meaningful average earthquake recurrence interval [e.g., Wallace, 1970 ] is based on the assumption that the amount of slip that occurred during the past earthquake will recur in a future earthquake, with the interval between them equal to that amount of slip divided by the long-term average rate of slip in the absence of fault-creep. To study the earthquake history, therefore, requires relatively accurate knowledge of the amount of displacement associated with historic or prehistoric earthquakes. In the following sections we describe the details of the offset topographic features at four places along the fault system, which we believe are associated with the most recent prehistoric rupture. In all cases, detailed maps were made using a plane The upstream channel B is a major channel that can be followed several hundred meters upstream. Upstream channel A developed on the terrace north of channel B, and its total length is only 25 to 30 m. Thus, the upstream channel B is older than the upstream channel A and also than the terrace between A and B. This is supported by the observation that the northern bank of the upstream channel appears to be more freshly eroded than the southern bank of upstream channel.
The southern bank of the downstream channel E also appears to be more freshly eroded than the northern bank, and the terrace between channel E and the southern bank is younger than channel E itself. We suggest that the northern bank of the upstream channel was originally adjacent to upstream channel B, the southern bank of downstream channel was originally adjacent to downstream channels C and E, and they were later eroded back to their current position. Thus, the upstream channel B was tectonically displaced from the downstream channel C. The offset is 11.0 __+ 2.0 m, which is inferred to be the result of several events ( At Sites 1 and 3, and elsewhere along the fault zone, we have observed larger offsets (Figure 4 and 6) . We believe these larger displacements were due to the cumulative effect of 2 or more previous events. It is interesting to notice that These offset alluvial ridges are present on an old part of the Manly Peak alluvial fan system (Qoa in Figure 9b ) that consists of a series of debris flows, alluvial channels, and alluvial ridges. This part of the fan is no longer active; the present locus of erosion and deposition has migrated to the north (Figure 9a, b) , explaining the preservation of the morphology here. This part of the fan is composed of angular cobbles, boulders, pebbles, and rock fragments. No lacustrine sediments and wave-cutting features can be found on its surface or within the constitutive material. This part of the fan is present from the level between 1500 to 1300 feet. It seems clear that the surface of this part of the fan can not have formed during the last high stand of Lake Panamint because it is several hundred feet below the lake surface.
Thus, its age has to be younger than the age of the last high stand of Lake Panamint. It is clear from Figure 9a and 9b that this part of the fan (Qoa) cuts the beach platform between 1250 to 1400 feet. The same fan material may even reach below 1200 feet, the final low stand of Lake Panamint, but the modern alluvial and eolian sand obscure this relationship. The maximum age of displacement of the alluvial ridges could be determined if the age of the last high stand was known.
Various features on the lower part of Manly Peak fan (wave-cutting cliff and notches, sand and silt deposit, and beach berms) suggest that it used to be a gently inclined beach (Figure 9a, b pebbles and rock fragments. No lacustrine material such as tufa, sand, or silt was found within the matrix. Thus, this fan was formed after the desiccation of Lake Panamint, because the fan shows sub-arid forms rather than deltaic forms, and because the sediments contain no lacustrine material. This offset fan edge is part of a large alluvial fan from Goler Wash Canyon, which covers and cuts a well-developed gently sloping depositional lacustrine terrace between elevations of 1200 to 1400 feet between Goler Wash Canyon and Coyote Canyon (Figure 11a, b) . This lacustrine terrace consists of rounded pebbles and cobbles, sand, and silt. Its surface is relative flat and gently sloping to the west. The offset fan that cuts and covers this terrace was formed when the lake surface stood below this terrace. This implies that the age of the offset fan must be younger than the age of the last high stand of Lake Panamint. The edge of the offset alluvial fan is below 1200 feet and directly covers fine grained lacustrine sand and silt which is a portion of present playa and was a portion of previous lake bottom. Therefore, the age of the offset is younger than 17,000 _ 4000 B.P., and may be younger than 13,000-12,000 B.P. For the 37 -4.0 m offset and 17,000 + 4000 B.P. maximum age, the minimum Holocene slip rate is 1.57 to 3.15 mm/yr, or 2.36 _ 0.79 mm/yr.
The minimum Holocene slip rates obtained from Manly Peak Canyon and Goler Wash Canyon are 1.74 _+ 0.65 mm/yr and 2.36 _+ 0.79 mm/yr, respectively. The minimum rate from Goler Wash Canyon, 2.36 _ 0.79 place a tighter constraint on the true slip rate, and thus is the one used in subsequent discussion.
DISCUSSION
The studies of Holocene activity on the southern Panamint Valley fault zone motivate several important questions with regard to both the regional style of modern deformation, its corollaries for deformation in coastal California, and the 
Characteristic Earthquake and the Earthquake Recurrence Interval
The characteristic earthquake model suggests that an individual fault or fault segment tends to generate essentially the same size earthquake, the so-called characteristic earthquake [Schwartz and Coppersmith, 1984, 1986] . Similarly, the displacement associated with each characteristic earthquake should be similar for a certain fault or fault segment. Our study suggests that the characteristic earthquake model is applicable to the southern Panamint Valley fault zone. If about 3 m right-lateral displacement is associated with the prehistoric characteristic earthquake along the southern Panamint Valley fault zone, we would expect to see rightlateral offsets in multiples of 3 m. In fact, we do observe offsets of about 6 m and 12 m at many places along the fault zone between Manly Peak Canyon and Goler Wash Canyon (Figures 3, 4 and 6) . We cannot dismiss the possibility of course that the larger offsets are the product of irregular displacements. Moreover, the case for a characteristic earthquake is not unambiguous; the total slip during the last event across the Goler Wash fan may be up to 4 m (Figure 3) . Nevertheless, the consistency of--•6 m (6 measurements) and --•12 m (8 measurements) offsets suggest that the Holocene activity of the fault may involve a characteristic earthquake of magnitude 6.5 to 7.2 (Ms).
The average recurrence interval may be determined from the Holocene slip rate and the amount of displacement per event. In order for the average recurrence interval to be meaningful for seismic hazard analysis, we need to satisfy three conditions: (1) Displacement is mostly co-seismic; (2) Slip rate remains constant throughout both the past and future time periods of interest, and essentially throughout the entire fault zone or fault segment; and (3) We have a reasonable expectation for the magnitude of the displacement and its consistency over the time of interest.
The first condition is supported here by the sharpness of offset features, suggesting that the offsets were abrupt and not gradual. This, plus the fact that no known example of fault creep is known in the Basin and Range Province, suggests that fault creep is probably negligible. The second commonly multiples of the single-event offset (about 3 m), the fault zone may be associated with a characteristic earthquake, which we estimate to be in the magnitude range 6.5 to 7.2 (Ms). Given such a characteristic earthquake, the recurrence interval is between 860 and 2360 years.
The Holocene slip rate appears to be similar to the 4 million year slip rate of 2-2.7 mm/yr (determined from the Hunter Mountain fault), which we suggest reflects the relatively constant tectonics in this region over the last 4 million years. This in turn supports the San Andreas discrepancy in that the Holocene slip rate of the San Andreas fault probably represents its mid-Pliocene time-averaged slip rate. The total slip vector of the southern Panamint Valley fault system is oriented toward -N35øW, making this a predominantly strike-slip fault. Given the N60øW-trending strike-slip Hunter Mountain fault, we suggest that the displacement vector for the southern Great Basin is toward the NW, consistent with results from VLBI data, rather than WNW as determined by combining VLBI and geological data. A corollary states that the coastal California deformation component involves, respectively, less shortening and more strike-slip displacement perpendicular and parallel to the San Andreas fault than is currently proposed. amount is unknown. Thus, the long-term slip rate of the southern Great Basin is probably a minimum of 8 mm/yr in a direction between NW and NNW (Figure 12 ). We realize that far more data are required if we are to perform a quantitative regional integration of the deformation, and we offer this result as speculation.
If the total displacement vector for the southern Great Basin is closer to the VLBI model result of N48øW (rather than the geologically-constrained N56øW) and, further, if this is true also for the whole Basin and Range, then the coastal California component will be closer to model B of Minster and Jordan [1987] . That is, the coastal California displacement vector will consist of---13 mm/yr parallel, and ---6.5 mm/yr perpendicular (Figure 12 
